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In helicaVstellarator plasma confinement systems, the 
ergodic layer is formed around the core plasma (inside the 
last closed magnetic surface) by the non-axisymmetric 
magnetic field components by toroidally twisted helical coils. 
Magnetic field lines in the ergodic layer directly connect to 
the vacuum vessel and divertor plates, indicating that the 
plasma produced in the ergodic layer is flown into the 
divertor plates. Thus, it is a concern that particle fueling 
from gas puffers installed outside of the ergodic layer is not 
effective in LHD plasmas. 
For investigating the effect of the ergodic layer on the 
particle fueling from gas puffers, additional gas (hydrogen) 
fueling experiments were carried out by using a local gas 
puffer (GP#5.5-L) installed on a helical coil close to the 
LHD plasma in various plasma density cases. Since the local 
gas puffer is located at the position where the thin ergodic 
layer is formed, the gas puffer can be useful for direct 
particle fueling into the core plasma. The fueling rate from 
the gas puffer is obtained by the Ha intensity profile 
measured by a CCD camera with an Ha interference filter 
and a three-dimensional neutral particle transport simulation. 
Figure 1 shows the Ha intensity profile measured with 
the CCD camera just after the additional gas fueling. The 
intensity is localized just above the gas puffer, which 
indicates the strong localization of the neutral particles near 
the gas puffer. For estimating the particle fueling from the 
gas puffer, we used a three-dimensional neutral particle 
transport code (d63 ).1) We, thus, made a three-dimensional 
grid model for simulating the LHD plasma and the vacuum 
vessel for the simulation. Figure 2 shows the grid model, in 
which gray lines in the model represent the trajectories of 
the test particles (neutral particles) emitted from the local 
gas puffer. 
Figure 3 gives the calculated radial profiles of the 
particle fueling rate supplied from the local gas puffer (sp· V) 
and these per a unit volume (sp) in various plasma density 
cases. Most of the particle fueling rate is deposited outside 
the last closed magnetic surface (LCMS; p=1, P is the 
normalized minor radius). The attenuation of the fueling rate 
inside the LCMS is prominent in the highest plasma density 
cases «ne>--6.5xI019m-3) compared to that for the lowest 
plasma density «ne>~l.Oxl019m-3). It is found that the 
buildup rates of the total plasma content due to the 
additional gas fueling in various plasma density cases quite 
agree with the total particle fueling rate inside LCMS, 
showing that neutral particles penetrating into the LCMS can 
effectively contribute the increase of the plasma density. 
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Fig.l. Ha intensity profile measured by a CCD camera with 
an Ha interference filter just after the additional gas fueling 
from the local gas puffer (GP#5.5-L). 
ceD Camera 
/! Position it. ~ . 
~".. .... .. 
> 
Fig.2. Three-dimensional grid model for simulating the 
LHD plasma and the vacuum vessel for the neutral particle 
transport simulation. 
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Fig.3. Calculated radial profiles of the particle fueling rate 
supplied from the gas puffer (GP#5.5-L) in various plasma 
density cases. 
53 
